Recurrent angina in patients who underwent percutaneous coronary intervention is defined as recurrence of chest pain or chest discomfort. Careful assessment is recommended to differentiate between non-cardiac and cardiac causes. In the case of the latter, recurrent angina occurrence can be related to structural ('stretch pain', in-stent restenosis, in-stent thrombosis, incomplete revascularization, progression of coronary atherosclerosis) or functional (coronary micro-vascular dysfunction, epicardial coronary spasm) causes. Even though a complete diagnostic algorithm has not been validated, ECG exercise testing, stress imaging and invasive assessment of coronary blood flow and coronary vaso-motion (i.e. coronary flow reserve, provocation testing for coronary spasm) may be required. When repeated coronary revascularization is not indicated, therapeutic approaches should aim at targeting the underlying mechanism for the patient's symptoms using a variety of drugs currently available such as beta-blockers, calcium-channel blockers, ivabradine or ranolazine.
Introduction
In the last decades the number of myocardial revascularization procedures using coronary angioplasty in patients with chronic stable angina (CSA) has continuously increased. 1 Despite a lot of innovations in coronary angioplasty techniques, recurrent angina after coronary angioplasty is a frequent problem that many cardiologists in everyday clinical practice have to deal with. 2 More than 30% of patients with prior revascularization still report episodes of angina in a three-year follow up. 3 The aim of this review is to describe the most common causes of RA after percutaneous coronary intervention (PCI) and to focus on possible diagnostic and therapeutic approaches. According to latest European Society of Cardiology (ESC) guidelines on CSA, revascularization procedures are recommended in the case of symptoms not being controlled by optimal medical treatment. 4 However, despite results from the COURAGE trial, supporting the benefits of medical treatment in patients with CSA, 5 off-label indications account for many PCI procedures. 6 The main advantage of coronary angioplasty compared with medical treatment alone lies in better symptom control. 7, 8 RA after PCI, although a challenging task for clinicians, represents a severe limitation in quality of life for most patients, proportional to the number of angina episodes per week, 9 as well as a frustrating experience for the interventional cardiologist, often synonymous with failed PCI treatment. 10, 11 In contrast to refractory angina, which is defined as angina due to severe coronary atherosclerosis with evidence of myocardial ischaemia not susceptible to further revascularization, 12 this review will focus on recurrent or persistent angina (RA), defined as recurrence of symptoms after PCI. 13 
Methods
We identified 316 English-language publications through a PubMed search using the keywords 'recurrent angina' and 'coronary angioplasty' in January 2012. After evaluating these articles, we prepared this review with emphasis on updates on diagnosis and treatment of recurrent angina after coronary angioplasty. We have restricted the citations to, in our view, the most relevant and informative publications.
The bulk of the problem
The prevalence of RA after PCI is high and more than onehalf of all patients in community practice had at least one stress test within 24 months of revascularization. 14 Data from NHLBI Dynamic Registry, enrolling 1628 patients, mostly affected by CSA and revascularized with PCI, show presence of angina episodes in 26% of subjects at 12-month follow-up. 15 In the ARTS trial, angina was still present in 21% of patients one year after PCI, while 42% of patients showed either RA or need of repeat revascularization after five years. 16 In the RITA-2 trial, the number of subjects with severe angina (Canadian Cardiovascular Society class >2) was reduced from 60% to 20% by PCI at 12 months, while it was not in the medical treatment group; 10, 11 at twoyear follow up, however, differences were no longer significant. In a large retrospective study from the Mayo Clinic, most of the patients treated with PCI experienced an improvement in episodes of angina, although 30% still reported RA and 12% severe RA: 17 drug prescription was substantially not impacted by PCI. (Table 1) First of all, a careful rule-out of several non-cardiac causes of chest pain (gastro-intestinal, lung, osteo-articular, herpes zoster, anxiety) is necessary to get to a correct diagnosis of RA. Cardiac causes of RA are either linked to structural causes ('stretch pain', in-stent restenosis, in-stent thrombosis, incomplete revascularization, progression of coronary atherosclerosis) or functional causes (microvascular dysfunction, epicardial coronary spasm), or a combination of both.
Aetiology of recurrent angina
'Stretch-pain' is chest pain reported early after PCI, mainly caused by coronary stenting and irritation of nerves in the coronary adventitia; it is usually not associated to ECG anomalies and cardiac troponin elevation, although it accounts for several unnecessary coronary angiographic controls. This type of non-ischaemic chest pain develops in almost half of all patients undergoing stent implantation and seems to be related to vessel overexpansion caused by the stent in the diseased vessel segment. 18 In-stent restenosis after PCI is a composite process characterized by intimal hyperplasia responsible for coronary lumen reduction and effort angina. 19 In-stent restenosis has been the Achilles heel of interventional cardiology for a long time, even though its occurrence has been substantially reduced by the use of drug eluting stents (DESs). 20, 21 According to a meta-analysis, the use of DESs was able to reduce the occurrence of target vessel revascularization in comparison with bare metal stents (BMSs) by 70%. In-stent restenosis usually appears within six months after PCI, with higher observable rates between the fourth and the sixth month. 22 Angiographic restenosis is defined as evidence of >50% narrowing after PCI and is associated with angina or evidence of myocardial ischaemia at the provocative tests in 60% of cases. 23 Different patterns of restenosis have been reported according to the different types of stents utilized: focal restenosis (mainly with sirolimus eluting stent) often requires plain old balloon angioplasty (POBA), whereas diffuse and occlusive restenosis (mainly with paclitaxel eluting stent) is often treated by repeat coronary stenting, or, when this is not feasible, coronary artery bypass graft (CABG). 24 Despite the advantages of DESs over BMSs, the use of DESs is burdened by a higher rate of sub-acute and late thrombosis: cytostatic drugs eluted by DESs and the polymers 'storing' them inhibit neo-intimal proliferation and consequently delay the coronary endothelization after stent implantation. 25, 26 In-stent thrombosis is defined as acute (within 24 hours), sub-acute (>24 hours <30 days), late (>30 days <12 months) and very late (>12 months). 27 The presence of an angiographic confirmation of stent thrombosis (the presence of a thrombus that originates in the stent or in the segment 5mm proximal or distal to the stent) is associated with the presence of at least one of the following criteria within a 48-hour window: acute onset of ischaemic symptoms at rest, new ischaemic electrocardiographic changes that suggest acute ischaemia or typical rise and fall in cardiac biomarkers; or in the presence of a histopathological confirmation of stent thrombosis (evidence of recent thrombus within the stent determined at autopsy or via examination of tissue retrieved following thrombectomy). Clinical variables (pro-thrombotic 28 Incidence of sub-acute and late thrombosis after DES stenting was respectively 1.1% and 0.4%. 25 It is noteworthy, however, to underline that in all cases in-stent thrombosis occurred with aspirin mono-therapy, thus supporting the need for a dual anti-platelet treatment (clopidogrel + aspirin) in all patients receiving a DES for at least 12 months. 29 Iakovou et al. demonstrated a marked increased risk of in-stent thrombosis after early double anti-platelet therapy stop, 28 in diabetics or renal failure patients, after bifurcation stenting. 23, 26 Other cases of RA are due to incomplete revascularization, as observed in patients with multi-vessel coronary disease treated with PCI according to the SYNTAX trial results, 30 in this case, RA occurring within 30 days after PCI. 19, 29 Data from the ARTS study show that revascularization was incomplete in 30% of patients after PCI. 31 Patients with incomplete revascularization had higher occurrence at 12 months of the combined end-point new coronary events and revascularization (30.6% vs. 23.4%), with a five-fold higher need for CABG (10.0 vs. 2.0%) when compared with complete revascularization. 33 In spite of convincing results yielded by DESs regarding in-stent restenosis, RA due to progression of coronary atherosclerosis in coronary segments different from those treated with PCI is still very frequent, especially in high risk patients such as diabetics. 32 According to some studies, RA due to progression of coronary atherosclerosis usually occurs later (one year) than in-stent restenosis. 29 In the BARI trial, the use of DESs significantly lowered rates of restenosis in diabetics with multi-vessel coronary artery disease (CAD), but progression of coronary disease accounted for up to 57% of cases of repeat revascularization. 33 Functional causes of RA can be due to (a) impaired vasodilatation and/or (b) enhanced vasoconstriction (epicardial coronary spasm, microvascular dysfunction, coronary spasm at stent edges). Inappropriate constriction of small coronary vessels is a possible cause of chest pain and a positive exercise test early after successful coronary angioplasty. 34 Coronary vasoconstriction is exaggerated at distal segments in DES-implanted vessels compared with non-stented vessel segments and stent length was longer in the acetylcholine provocation test positive group in a study by Ito et al. 35 Stent implantation may induce distal coronary endothelial dysfunction. 36 Acetylcholine test may provoke significant vaso-constrictive responses in the distal but not in the proximal segments of both the stented and the contralateral vessels, which are significantly correlated and completely reverted by nitroglycerine. Impaired vasodilatation and enhanced vasoconstriction can be assessed by intracoronary flow reserve (CFR) measurements and/or intracoronary provocation testing for coronary artery spasm using acetylcholine/ergonovine.
Sometimes, stenting of sub-critical coronary stenosis may be responsible for an increased incidence of RA at follow-up: the DEFER trial showed that PCI on a coronary stenosis not haemodynamically significant (fractional flow reserve (FFR) >0.75%) does not improve either prognosis or symptoms. 37 Rates of patients still reporting angina at five-year follow-up after PCI were similar to those in subjects left on medical treatment. In the FAME trial, an adjunctive functional assessment of coronary stenoses already evaluated by angiography was even more crucial in multi-vessel coronary disease, when the real 'culprit' lesion is not easy to identify. 38 
Diagnostic flow-chart (Figure 1)
A rationale diagnostic approach to RA should start from a careful evaluation of chest-pain characteristics, a complete risk stratification and an accurate analysis of prior PCI procedures. In case of suspected non-cardiac symptoms, an exercise stress test should be performed in order to discriminate 'cardiac' from 'non-cardiac' chest pain and for risk stratification. Negative exercise stress test results should lead towards investigations for 'non-cardiac' chest pain (e.g. gastroscopy, chest X-ray), positive findings to coronary angiography. After results from the ROSETTA trial, it is still unknown which is the best type of exercise stress test after PCI and when it should be performed because it has been shown that prognosis did not change whether an exercise stress test was performed routinely after PCI or only after recurrence of symptoms. [39] [40] [41] Patients complaining of RA with characteristics similar to those prior to PCI may either undergo exercise stress testing or may directly be referred to coronary angiography. 42 The later the recurrence of angina, the more probable is a progression of coronary disease rather than in-stent restenosis. 43 A careful interview should assess the patient's compliance to dual anti-platelet treatment as the risk of in-stent thrombosis is higher in patients not receiving both clopidogrel and aspirin, although cases of very late in-stent thrombosis still occur even in patients still on dual anti-platelet treatment. 29 Repeat coronary angiography should be performed when typical symptoms occur in patients with higher cardiovascular risk profile (worsening angina, arrhythmias, heart failure, diabetes, renal failure, poor compliance to drug therapy), prior high-risk PCI (left main, bifurcations, chronic total occlusion, ostial lesions, 'full metal jacket' stenting, impaired left ventricular function) or incomplete revascularization. 44, 45 Exercise stress test usefulness in identifying areas of myocardial ischaemia, however, is often limited by concomitant presence of microvascular dysfunction and collateral circulation, which may lead to either false positive or false negative results. 46 AHA/ACC guidelines recommend (class I, evidence C) perfusion scintigraphy or exercise echocardiography for the assessment of patients with prior revascularization who presented with new onset of symptoms; 47 ESC guidelines on CSA recommend coronary angiography (class I, evidence C) and in the case of RA or high risk of restenosis, when prior PCI may significantly impact prognosis (class II, evidence C). 48 Despite good prognostic power in predicting adverse events in ischaemic heart disease, 49 exercise ECG yields a poor sensitivity (41%) 50 and accuracy (62%) 51 when performed after PCI in identifying subjects at risk for restenosis. However, the decision for repeat revascularization needs both the evidence of myocardial ischaemia and the exact identification of the ischaemic area, especially in the case of multi-vessel coronary disease; single photon emission computed tomography (SPECT) and stress echocardiography may therefore better meet these needs. 47 Also adenosine stress cardiac magnetic resonance (CMR) may allow accurate detection of non-culprit territory stenosis in patients successfully treated with primary-PCI post ST-segment elevation myocardial infarction (STEMI). 52 A combined CMR protocol for the assessment of myocardial perfusion and late gadolinium enhancement is feasible for the detection of relevant coronary vessel stenosis even in patients who previously were treated by PCI or CABG in a routine clinical setting. 53 In the case of a moderate stenosis on coronary angiography (50-70%), FFR measurements can be helpful to decide whether or not a stent implantation is justified. In the absence of flow-limiting stenoses, intracoronary assessment of coronary vaso-motion using coronary flow reserve and provocation testing with acetylcholine or ergonovine can reveal functional causes for RA. 54 Abnormal coronary vasomotion (i.e. epicardial and microvascular) is defined as a reduced vasodilatation with exercise or a reduced CFR and/or vasospasm at rest. 55 During intracoronary acetylcholine provocation testing, incremental doses of acetylcholine 2, 20, 100 and 200 µg are administered over a period of 3 min each into the left coronary artery via the angiographic catheter; in patients who do not develop symptoms or ischaemic ECG changes, acetylcholine is subsequently injected into the right coronary artery (80 µg acetylcholine over 3 min). The acetylcholine test is positive when the visual findings at coronary angiography and the quantitative analysis confirm a vasoconstriction of ≥75% compared with the relaxed state after intracoronary administration of glyceroltrinitrate together with a reproduction of the patient's symptoms.
CFR describes the amount of additional blood flow that can be supplied to the heart above baseline blood flow. 56 Several tools have already measured coronary flow CFR, including coronary sinus thermodilution, cardiac nuclear imaging, inert gas washout method and intracoronary Doppler flow wire. 57 However, several of these methods, although helpful for research, have limited clinical applications, being complex, time-consuming, expensive, not easily available and invasive. 58 Doppler guidewires make it possible to calculate coronary flow velocity reserve (CFVR), which is the ratio between intra-coronary mean velocity under baseline conditions and after pharmacological induction of maximum hyperaemia. 59 In humans, a cut-off value of <2.0 was found to define a significant stenosis. 60 CFR may also be measured non-invasively by the combination of coronary flow assessment by Doppler and vasodilator stress. 61 With transoesophageal or transthoracic echocardiography, the coronary blood flow velocity profile recorded with pulsed wave Doppler may estimate CFR: coronary flow velocity by Doppler assessment appears to be bi-phasic, with a lower peak during systole and a higher peak during diastole. The coronary flow velocity variation between the baseline and peak effect of a coronary vasodilator allows a coronary flow reserve index to be derived. Peak diastolic flow is the simplest parameter to measure, in addition to being the most reproducible and the one with the closest correlation with coronary perfusion measured by SPECT.
The availability of contrast agents also improved the signal-to-noise ratio, thereby increasing the technique feasibility. The cut-off value of 2 of CFR for detecting significant epicardial coronary stenosis or to predict ischaemia in the underlying territory has been demonstrated in various studies. When CFR is <2 during follow-up after angioplasty, the restenosis in the LAD is detected with high sensitivity and specificity. 61, 62 CFR can also be performed in patients without in-stent restenosis in order to assess the function of the coronary microcirculation: coronary microvascular reactivity to adenosine may predict adverse outcome in subjects with suspected ischaemia. 63 The procedure utilized for the estimation of CFR by radionuclide imaging is based on the consideration that technetium (Tc)-99m labelled tracers are taken up by myocardium according to blood flow. 64 A good correlation between CFR values estimated by SPECT imaging and those measured by intravascular Doppler ultrasound in patients undergoing percutaneous coronary intervention has been demonstrated. 65 Cardiac positron emission tomography (PET) with oxygen-15 water is the non-invasive gold standard for obtaining quantitative regional blood flows. 66 The measurement of CFR has also been performed by means of PET with other tracers, using either generator-produced Rb-82 or cyclotron-produced N-13 ammonia. 67 More recently, several studies have shown the usefulness of qualitative assessment of cardiac magnetic resonance imaging (CMRI) perfusion for the functional assessment of CAD. 68 CMRI is able to distinguish haemodynamically relevant from non-relevant coronary lesions with a high sensitivity and specificity and may therefore contribute to clinical decision-making. ROC analysis gave a cut-off value of 1.5 for optimal discrimination between haemodynamically significant and non-significant lesions.
Although it may be helpful to distinguish between the different possible causes for RA in patients after PCI it should be noted that in many patients an overlap of several causes will exist. For example, micro-vascular dysfunction may be related to functional as well as structural injuries consequent to micro-embolization, ischaemia or reperfusion damage. 69, 70 Successful restoration of epicardial coronary artery patency after prolonged occlusion might result in microvascular obstruction (MVO) and is observed experimentally as well as clinically. In addition to these ischaemia-reperfusion-related events (swollen myocytes, voluminous endothelial cells, both occluding capillaries, infiltration and activation of neutrophils and platelets, deposition of fibrin), coronary micro-embolization of atherosclerotic debris after PCI is responsible for a substantial part of clinically observed MVO. Several techniques (coronary angiography, myocardial contrast echocardiography, cardiovascular magnetic resonance imaging, electrocardiography) measuring slightly different biological and functional parameters are used clinically and experimentally. Currently there is no consensus as to how and when MVO should be evaluated after acute MI and PCI, respectively. 71 Non-invasive diagnostic tools for the evaluation of coronary stenosis such as multi-slice coronary computed tomography (MSCCT) and MRI have also been validated. 72 Some limitations remain with respect to accurate definition of instent restenosis and costs. 73 Metal induced artefacts (blooming effect) may significantly compromise the diagnosis of a flow-limiting in-stent hyperplasia, while a total occlusion is usually well identified and defined. MRI could possibly be useful in combined evaluation of both coronary anatomy and flow. 74 Contrast echocardiography is a cheap, noninvasive, low-cost tool for the evaluation of myocardial perfusion, although it provides operator-dependent results not easy to standardize. 75 PET could be the benchmark for functional and perfusional assessment of myocardium, but costs are not negligible. 76 Taken together, coronary angiography still represents the gold-standard for the diagnosis of in-stent restenosis. Functional assessment of coronary vasomotion can provide important information on cardiac mechanisms for RA especially in patients without flow-limiting epicardial stenosis. 48 
Recurrent angina: treatment (Figure 1)
Treatment of RA after PCI should be based on a careful evaluation of the underlying mechanism.
Current guidelines do not distinguish between CSA and RA. Therefore, theoretically, the treatment should be the same. 48 In the case of coronary atherosclerosis, it should be noted that PCI is not the final solution to the problem but the beginning of a new way of life for the patients, characterized by a life-long treatment and radical changes in lifestyle. Independent of the revascularization procedure, cardio-vascular risk factors (hypertension, dyslipidaemia, diabetes, obesity) should be thoroughly managed in order to slow the progression of coronary atherosclerosis. 77 In the case of non-ischaemic causes of chest pain (gastrointestinal, lung, osteo-articular, herpes zoster, anxiety) it is necessary to get to a correct diagnosis. Gastro-intestinal pain may be relieved by anti-proton pump administration, osteoarticular by non steroidal anti-inflammatory drugs, anxiety by benzodiazepines.
Structural causes of RA (restenosis, in-stent thrombosis, incomplete revascularization, progression of coronary atherosclerosis) usually need to be managed with repeat angiography; repeat PCI may be further required when indications for revascularization occur.
'Stretch pain' early after PCI may be managed with the administration of analgesic or opioids.
Functional causes of RA (microvascular dysfunction, epicardial coronary spasm) usually need an upgrade in pharmacological treatment. Medical treatment of RA (Table 2) is currently based on the same drugs prescribed for CSA: beta-blockers, calcium-channel blockers, long lasting nitrates. In a study enrolling 4840 patients after PCI, repeat revascularization amounted to 12% at six months. 78 Lower rates of the end-point were, however, detectable in the case of beta-blocker administration (10% vs. 13.5%, p<0.01, relative risk 0.76). Some patients need treatment with drugs at high doses, 79 others a combination with calcium-channel blockers, especially when coronary spasm is suspected. 80 ACE-inhibitors and statins should be part of pharmacological treatment in all patients with CAD to improve endothelial dysfunction and improve vascular remodelling. Statin therapy benefit has been shown by several trials, 81 with possible reduction in coronary plaque volumes. 82 Intensive treatment with aspirin, clopidogrel, statins, ACEinhibitors, angiotensin receptor blockers, beta-blockers, calcium-channel blockers and nitrates may yield 'encouraging' results, but very high compliance levels obtained in the COURAGE trial (90-96% at five years) are not easy to obtain in everyday clinical practice 5 . Medical treatment, however, should not be discontinued even after successful revascularization with PCI.
Moreover, several new anti-ischaemic drugs are nowadays available for the treatment of RA added to conventional therapy when it is ineffective in controlling symptoms or used in isolation when beta-blockers and/or calciumchannel blockers are contraindicated or not tolerated.
High heart rate is a cardiovascular risk factor in any population of patients studied (general population, hypertensive, diabetics, in acute coronary syndrome, male and female). Heart rate is known as one of the main determinants in oxygen consumption 83 and is involved in coronary plaque instabilization. 84 Promising results were obtained with ivabradine, a selective inhibitor of channel (If) highly expressed in the sino-atrial node, on which it has a dampening effect. Pure heart rate reduction with ivabradine was able to reduce ischaemic burden, episodes of angina and cardiac events without any haemodynamic effect and negative inotropism, as shown in the BEAUTIFUL and ASSOCIATE trials. 85, 86 Within four months of treatment with ivabradine, heart rate was reduced by an average 12 beats/min, angina attacks from 2.4 to 0.4 per week, consumption of shortacting nitrates from 3.3 to 0.6 units per week. 87 Ivabradine produces dose-dependent improvements in exercise tolerance and time to development of ischaemia during exercise. 88 In the INITIATIVE trial, ivabradine was as effective as atenolol in patients with stable angina. 89 In patients with stable angina, ivabradine has comparable efficacy to amlodipine in improving exercise tolerance, a superior effect on the reduction of rate-pressure product (a surrogate marker of myocardial oxygen consumption) and similar safety. 90 Trimetazidine, an inhibitor of the fatty acid oxidation enzyme, 3-ketoacyl coenzyme A thiolase, reduces the 
symptoms of demand-induced ischaemia, shifting oxidation of free fatty acids, which is energy-consuming compared with glucose oxidation, towards glucose oxidation and better use of the energy supply (TRIMPOL II study). 91 Ranolazine, an inhibitor of late I Na current, reduces calcium uptake indirectly via the sodium/calcium exchanger, preserves ionic homeostasis and reverses ischaemiainduced left ventricular dysfunction. 92 Ranolazine was shown to increase the ischaemic threshold and to reduce occurrence of angina and the use of nitrates (CARISA, ERICA trials 93, 94 ), lowering by 22% episodes of recurrent ischaemia in the sub-group of patients with CSA (MERLIN-TIMI 36 trial 95 ). Ranolazine therapy prolonged exercise duration and decreased exercise-induced ischaemia and angina with quantitative effects equal to or greater than those obtained with atenolol. 96 Unlike atenolol, the antiischaemic and anti-anginal effects of ranolazine occurred without decreases in blood pressure, heart rate or rate-pressure product. Among patients with a history of angina before their ACS event (54% of the study MERLIN-TIMI 36 trial cohort), there was a significant and sustained beneficial effect of ranolazine relative to placebo across the QOL and disease-specific health status measures -including angina frequency, perceived burden of disease, dyspnoea and overall treatment satisfaction. 97 Other anti-ischaemic effects were shown with nicorandil, which induces ischaemic pre-conditioning acting on ATP-sensitive potassium channels 98 (IONA trial 99 ).
Physical training should also be encouraged since it may be useful in improving exercise tolerance and prognosis and in reducing hospitalization for RA and costs, even when compared with PCI in subjects with mild coronary stenosis and CSA. 100 However, there is no standardized protocol for diagnosis and treatment of RA. Clinical trial results are often biased by heterogeneity of inclusion criteria. Patients with mild residual coronary stenosis and effort angina are sometimes enrolled with patients with RA; the former are often characterized by microvascular dysfunction (cardiac syndrome X), 101 while the latter have a poorer prognosis and a worse quality of life. 102 Repeat revascularization in RA should, however, be based on a careful examination of coronary anatomy, even in comparison with prior coronary angiography results, in order to identify a possible 'culprit lesion' susceptible of interventional treatment. When angiographic coronary anatomy is not sufficient to support repeat revascularization, quantitative coronary analysis, intra-coronary ultra-sound (IVUS) or FFR may be required. 48 When repeat PCI is indicated, DES stenting should be the treatment of choice; 103 POBA, bare metal stenting 104 and brachy-therapy 105 yielded sub-optimal results. PCI in CABG patients with RA is even more challenging, because of more severe and diffuse coronary atherosclerosis, older age of the patients and degenerative characteristics of venous graft disease. 106 PCI on native coronary vessels could be a feasible strategy; when graft PCI is required, stenting with distal filter protection devices (filter-wire) may be helpful in reducing the rate of occurrence of distal embolization. 107 , 108 The use of DESs reduces the rates of target lesion revascularization, 109 but most adverse events at one year are related to progression of coronary plaques not subcritical (<50%) at the previous PCI. 110 Treatment of refractory angina should aim at improving the patient's symptoms. When maximum pharmacological treatment is in place but symptoms are still not controlled, several non-pharmacological interventions (external counter-pulsation, trans-myocardial laser revascularization, spinal cord stimulation, gene therapy) are available, 12,111 most of them in specialized centres only.
Prognosis
Prognosis of RA after PCI substantially depends on underlying causes.
'Stretch pain' after PCI was not associated with the incidence of significant adverse events during short-term follow up. 18 Angiographic in-stent restenosis accounts for a 20-30% target vessel revascularization at one year, and is associated with increased morbidity and mortality. 112 In a retrospective study on patients with in-stent restenosis who did not undergo PCI and/or bypass surgery and were maintained on medical treatment alone, at mean 33-month follow-up, only 3% of patients died, none developed MI, while 9% had target lesion revascularization only. 113 Ten to 30% of patients presenting with in-stent thrombosis die in hospital, although in-stent thrombosis can also lead to unexplained sudden deaths; non-fatal acute MI, however, is the most frequent clinical presentation of stent thrombosis (70-80% of cases). 26, 114, 115 Subjects with in-stent thrombosis present an increased risk of recurrent stent thrombosis. 116 In a cohort of more than 500 patients who underwent repeat coronary angiography for recurrence of chest pain after successful coronary angioplasty, 44% were classified as having restenosis, 13% incomplete revascularization, 20% new significant coronary artery lesions due to coronary disease progression and 23% no significant disease. 117 When chest pain recurred within four weeks of angioplasty, 70% of patients had either incomplete revascularization or no significant coronary artery stenosis; when it recurred between four and 24 weeks of angioplasty, restenosis was the most common finding (71%), and when it recurred more than 24 weeks after angioplasty, new disease was the most common finding, occurring in 53% of patients. At repeat angiography, 61% of vessels that had had angioplasty and 49% that had not had angioplasty had new lesions. The incidence of new lesion development is higher in the vessels that have instrumented angioplasty.
Evidence from the Bypass Angioplasty Revascularization Investigation (BARI) trial shows myocardial jeopardy falls following initial revascularization with PCI from 60% to 17%, rebounding at five years to 25%. 118 However, myocardial jeopardy at five years is independently associated with late angina. Increased myocardial jeopardy from entry to five-year angiogram occurs in 42% of patients. Among the increases in myocardial jeopardy, two-thirds occurred in previously untreated arteries. The authors conclude that native coronary disease progression occurs more often than failed revascularization in both PCI-and CABG-treated patients as a cause of jeopardized myocardium and angina recurrence.
In-hospital complications are insignificantly greater in incompletely revascularized patients compared with completely vascularized patients (mortality 3% vs. 1%, MI 11% vs. 4%, and emergency surgery 5% vs. 0%). 119 After one year of follow-up, incompletely revascularized patients had similar outcomes (mortality 6% vs. 3%, MI 13% vs. 7%, CABG 18% vs. 15%, and repeat PCI 19% vs. 31%). Significantly fewer adverse events (death, MI or CABG) occur in the functionally adequate group than in the functionally inadequate group (27% vs. 6%). Incompletely revascularized patients have a favourable one-year outcome and patients with incomplete but functionally adequate revascularization have long-term results comparable with those of patients with complete revascularization.
Over a mean follow-up period of 26 months, the probability of event-free survival was significantly lower for incompletely revascularized patients only with respect to the need for coronary artery surgery and occurrence of angina. 120 There were no significant differences in either the incidence of death, MI or the need for repeat angioplasty.
On the other hand, other studies reveal that there are fewer event-free patients in the cohort of incompletely revascularized multivessel disease patients (55%) when compared with the cohort of those who were completely revascularized (84%). 121 This difference was caused by more infarctions and bypass operations in the multivessel disease, incomplete revascularization group. These results suggest that completeness of revascularization in multivessel disease patients is an important prognostic variable.
Microvascular dysfunction in angiographically normal or mildly diseased coronary arteries predicts adverse cardiovascular long-term outcome; 122 microvascular dysfunction predicts left ventricular remodelling and long-term clinical outcome after primary coronary angioplasty. 123 In patients with inappropriate constriction of small coronary vessels after successful coronary angioplasty, no angina, ischaemic ST segment changes, occlusive or subocclusive spasm occurred. 34 However, in a study on subjects with ST-elevation MI who had undergone a stent implantation and a provocation test for coronary spasm by intracoronary injection of acetylcholine two to five weeks after the attack, coronary spasm was provoked with a high frequency in both the infarct related arteries and non-infarct related arteries after stent. 124 Calcium-channel blockers may be useful to improve the prognosis in patients with acute MI after stent implantation by suppressing coronary spasm. In patients with normal coronary angiogram, however, abnormal vasoreactivity of epicardial coronary arteries in response to sympathetic stimulation is associated with the risk of developing cardiovascular events. 125 
Conclusions
RA in patients after PCI is a challenging task for the clinical cardiologist. Careful assessment should aim at identifying the underlying mechanism. When repeat PCI is not indicated, a variety of drugs are currently available for targeted treatment and symptom control.
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